Single-incision laparoscopic cholecystectomy offers good cosmetic outcomes. Single-incision laparoscopic cholecystectomy seems feasible and safe in obese patients.
Introduction
Single-incision laparoscopic cholecystectomy (SILC) is a new technique that is drawing increasing attention because of good cosmesis, though there are many difficulties accompanied with a confined operating space, close proximity of the working instruments with limited triangulation, in-line positioning of the laparoscope, and limited range of motion of the laparoscope and instruments [1e4] . Obese patients are sometimes considered unsuitable candidates for SILC because of the need for a prolonged operative time or an increased conversion rate to conventional multi-port surgery [5] . However, current literature frequently indicates that experienced laparoscopic surgeons can safely perform SILC [1e4], but there have been few reports evaluating the feasibility and safety of performing SILC for obese patients [6] . Therefore, a large single-center database was retrospectively reviewed to evaluate the safety and feasibility of SILC for obese patients by comparing the outcomes of normal-weight and obese patients undergoing SILC.
Methods

Clinical setting
A retrospective analysis of 608 patients undergoing SILC from May 2009 to May 2015 at our institution was performed. The indications for SILC were gallstone, benign polyp, and chronic cholecystitis; acute cholecystitis was excluded in this study. For the outcome analyses, patients were selected by their BMI (18.5 BMI < 25 kg/m 2 vs. 30 kg/m 2 ) defined as normal-weight vs. obese according to the World Health Organization (WHO) [7] and compared.
Surgical technique
A single-access system with working channels was inserted into the abdominal cavity via an umbilical incision under visual control. Depending on the operator's choice and our hospital supplies, several types of single-access system (EZ access and Lap-Protector, Hakko Co., Ltd., Nagano, Japan; SILS™, Covidien, Dublin, Ireland; Xgate, Sumitomo Bakelite Co., Ltd., Tokyo, Japan; OCTO™ port, Surgical Network Systems, Tokyo, Japan; and surgical glove technique that involves the use of a plastic wound retractor inserted transumbilically with an attached glove to prevent CO 2 leakage, with its fingers functioning as multiple ports) were used in this study. Recently, EZ access on the Lap Protector was typically used for the insertion of trocars. A flexible 5-mm laparoscope, standard straight laparoscopic instruments, and laparoscopic coagulation shears were used during the operations (Fig. 1) . In cases of difficult exposure, supplemental exposure systems (Mini Loop Retractor II, Covidien; or Endo Relief™, Hirata Precisions Co., Ltd., Chiba, Japan) were used according to the surgeon's preference and the clinical presentation [8] . Fig. 2 shows the postoperative scar after SILC.
Data collection
Data on the patients' age, sex, BMI, American Society of Anesthesiologists (ASA) score, history of previous abdominal surgery, operative time, bleeding volume, supplementary exposure system, conversion rate, perioperative complications, and postoperative hospital stay were obtained from the medical records.
Statistical analysis
Student's t-test, the Mann-Whitney U test, and Fisher's exact probability test were used for the analyses of data, as appropriate. All analyses were performed with EZR (Saitama Medical Center, Jichi Medical University, Saitama, Japan), which is a graphical user interface for R (The Foundation for Statistical Computing) [9] . Differences at p < 0.05 were considered significant. Table 1 shows the patients' characteristics. Between May 2009 and May 2015, 608 patients with a mean age of 60 years (range 18e89 years) and a mean BMI of 23.9 kg/m 2 (range 15.0e41.0 kg/ m 2 ) underwent SILC at Osaka Police Hospital. Three hundred and sixty two patients (60%, 362/608) had a 18.5 BMI < 25 kg/m 2 , defined as normal-weight according to the WHO. Thirty-eight patients (6%, 38/608) had a BMI 30 kg/m 2 , defined as obese. The mean BMI differed significantly between the patient groups as expected. Furthermore, the ASA scores of the obese patients were significantly higher than those of the normal-weight patients, but the remaining baseline characteristics (age, sex, and history of previous abdominal surgery) were comparable. Table 2 shows the perioperative data. The mean operative time in the normal-weight and obese groups was 110 ± 44 min (range Fig. 1 . The Endo Relief and the three ports secured to the EZ Access for SILC. 35e371 min) and 127 ± 37 min (range 60e210 min) respectively, significantly longer in the obese groups (p < 0.05). The median bleeding volume in the normal-weight and the obese groups was 0 ml (range 0e1400 ml) and 0 ml (range 0e150 ml), respectively (p ¼ 0.8). The conversion rate to a different procedure was 3% (12/ 362) in the normal-weight group and 5% (2/38) in the obese group 
Results
Discussion
In the present study, there were two important clinical observations. First, the complication rate of obese patients after SILC was comparable to that of normal-weight patients though the obese patients were at significantly higher risk for surgery. Second, the conversion rate of the obese patients after SILC was comparable to that of the normal-weight patients though the operative time of the obese patients was longer than that of the normal-weight patients.
First, the complication rate of obese patients after SILC was comparable to that of normal-weight patients though the obese patients were at significantly higher risk for surgery. Ri et al. [10] reported in their nationwide study that both obese and excessively low weight patients had significantly higher rates of complications and mortality than those with a normal BMI in the fields of gastroenterological and cardiovascular surgery. In the present series, perioperative complications were seen in 6% (23/362) of patients in the normal-weight group and 8% (3/38) of patients in the obese group (p ¼ 0.7). The complications seen in the obese patients were umbilical wound infections, prolonged inflammation response, and incisional hernia of the umbilicus. There were no severe complications such as injuries of the bile duct or intestine in the obese group. These outcomes were confirmed by several retrospective studies which successfully treated some morbidly obese patients with a BMI 40 kg/m 2 using SILC technique [3, 11, 12] .
Second, the conversion rate of the obese patients after SILC was comparable to that of the normal-weight patients though the operative time of the obese patients was longer than that of the normal-weight patients. Khambaty et al. [5] reported in their study, including 107 patients after SILC, that a higher BMI was a significant risk factor for conversion to multi-port surgery. Patients who underwent successful SILC had a mean BMI of 28.4 vs. 33.0 kg/m 2 in the converted group (p < 0.05). Similarly, Brody et al. [13] concluded that patient weight seems to affect conversion from SILC to multi-port surgery, because in their series of 59 patients, the converted group tended to be heavier than the successful SILC group. Obese patients might require more operative time to make umbilical incisions, introducing single-access system and accurately perceive the cystic duct, and closing the wound than normalweight patients. Especially, bad operative field and false recognition of the cystic duct caused by excessive intraabdominal adipose tissue might prolong the operative time and the perioperative complications. We might pay more attention to the possibility of the injuries of the bile duct or intestine in obese patients. Contrary to these previous reports, SILC was performed with a low conversion rate (5%, 2/38) though the operative time of the obese patients was slightly longer than that of normal-weight patients in the present study. Previous reports [5, 12] might include the patients receiving SILC on their learning curve.
Standardization of SILS for a wide range of operative procedures and substantial operative experience in our department might have led to the good operative performance of SILC. In our institution, which is currently one of the high volume centers for SILS, the first case of SILS procedure for cholecystectomy was carried out in May 2009. Gradually, the indications for SILS were expanded to include colectomy, appendectomy, gastrectomy, acute abdomen, and hernioplasty [14] . Because SILS is practically a standard laparoscopic approach for various procedures in our department, the surgeons developed the skills for SILS procedures, such as manipulation of the laparoscopic coagulation shears, forceps, and flexible laparoscope, and they overcame many difficulties due to the confined operating space, in-line positioning of the laparoscope, close proximity of the working instruments with limited triangulation, and the limited range of motion of the laparoscope and instruments.
This study has several limitations. First, the present study was a single center retrospective study. There might be a selection bias of the patients undergoing SILC and the operators performing SILC. Besides, there were no strict criteria for selecting patients treated by SILC or multi-port cholecystectomy. Second, this study included a limited number of obese patients (6%, 38/608). In Japan, only 5.8% of adult men and 4.4% of adult women were obese (BMI 30 kg/ m 2 ) compared with 10% of adult men and 14% of adult women in the world according to the WHO [7, 9] .
Conclusions
This report of a series of SILC performed in Osaka Police Hospital demonstrates that SILC, which offers good cosmetic outcomes, seems feasible and safe in obese patients, though the obese patients were at significantly higher risk for the operation and the operative time of the obese patients was longer.
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